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ABSTRACT

Field tests of the cache marker system were performed during this
‘period. Detsction of transponders buried at depths of four and five feet was
'obtained at horigontal distances of five and four feet, respsctively. The

locationsof transponders were determined to within one or two:inéheé of their

centers.

ine?consﬁruction of the new model of the detector incorporating the
improvements,éuggestéd by the field tést have been started. These improvements
include a redsesign of the packaging to make the dstector more convenient for
‘the operétor to carry; elimination of the clock-motor-driven, rotating capaci-

tor; and a reduction in weight of the detector.

An electronic means for obtaining fre§uency modulatioﬁ of the oscil-'\
lator, which ié‘to take the place of the rotating capacitor, was developed
during this period. This circuit is still being tested. An electro-mechanical
{means of'obtaining the frequency modulation of the oscillatof using a resonant

vibrating reed is also being considered;

Temperature cycling tests of the transpondefs from -78°C to 480°C had

no effect on the resonant frequency or the bange of detectability.

Measuréments were made to detéfminévihé'frsqusncyvshifts of the reson-
ant frequenciés of transponders caused by having the transponders in different
soils. All the soils measured,with the exception of magnetite, gave frequency
shifts which were lessbphan 0.7 kecs. The frequency shift due to pure magnetite

s (2} could not be detérmined bacause it exceeded the frequency range provided by the
‘ > . . e N )
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measuring equipment. Additional tests are planned.

Theoretical calculations made in conjunction with experiments perform-
.‘e'd. to measure the change in @ caused byva transponder at different dist}ances
from the detector show that there is an optimum size folr the detsctor coil for

. a given depth of burial to transponder: radius ratio.
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The Detector

During this period further efforts to improve the range of detacta-

bility'were unsuccessful. The circuit which was presented in Interim Report

'No. 5 was modified by adding an extré étage of amplification #which is used as

a "window" ampiifier. This resulted primgrily in giving a more positive indi-

cation of the transponder'!s presence.

We have been unable to achiéﬁe, in a portable model of the Q meter

detector, the degree of sensitivity that was measured in the experiments

repdrted in Interim Report No. 2. The high degrse of stability that is required

could only be aftained bj sacrificing some sénsitivity. In thess experiments

the frequency of the oscillator was fixed, and the receiver circuit was édjustéd

to exact resonance with the oscillator frequency. The transpbnder was tuned,

.and its effect on the detector was observed with a metér indicator. -Extrapola-

tion of the data on change in Q with distance, Figure 12, shows that changes in
Q of less than one part in 40,000 were being detected. In order to detect
these changes in Q, the short time stability of the detection syétem must be

at least equal to this value. This high degree of stability is ndt.achiévable

in the portable model of the detector where the oscillatof is being frequency

.modulated, and detection is achieved by moving the datector or tuning the

receiver and 0501llatoro

In order better to utilize the range of detectability that is avail-
ablé, the}configuratioh of the detector with reépect to ths opérator was changed.
In Ihterih Report No. 5 the detector was shown with the box containing the
electronic cipcuits fastened in front of the Qperator,with thevdetecéor éoil

ébout waist high, extending out in front; and parallel to the ground. This

1 o CONF IDENT TAL
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was chenged to the configuration shown in Figure 1. No provision was made for

‘folding the box containing the electronic circuits and’power-supply into the

detector coil when not in operation, because it was consideredpdeeirable to

epefform the field tests at the earliest possible date.

Field Tests

On October 30, 1953, a representative of the spensor and representa-

tives of conducted a fiéld test of the cache marker systeﬂ 550X1

Virginia.

The field test consisted of burying three transponders, locating the
p031t10ns of the transponders with the detector, and digging up the transponder
at the indicated p031tions to determlne how accurately their positions hed been

located. The horizontal ranges at whlch the transponders were detectable Ware

measured. The frequency shifts of the resonant frequencies of the transponders

" were measured with the detector.

The transponders used for this test were resonant at 83, 98.5, and
106.3 kesin air. The transponders consisted of a Plexiglass coil form wound

w1th 60 turns of Litz wire made of Zh strands of No. 30 wire woven on a.glass

fiber core. The coil and its tunlng capacitor were impregnated with a heavy’

coating of cerese wax and incased in Fiberglas reinforced;polyester resin shell.

€
The site was prepared by digging holes five feetbdeep with a trench

digger. The transponders wers placed in these holes, and ths Holes were filled

with dirt with the use of a bulldozer. Two of the transponders were buried

five feet below the level of the ground and the third was buried at four feet

‘below the ground. After the holes had been filled, the bulldozer leveled off

| o 50X 1
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Figure 1. Model of the Detector Used for the Field Tests.
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é;; , the ground so that the locations of the holes were not discernible. Markers
which had been left to locate the positions of the transponders had been shifted

by the bulldogzer.

The representative of the sponsor was briefly instructed on how the

“detector was used, and thsn‘he proceeded to locate tho first transponder. He
eocountered some difficultvlat first, for two‘reasons. The rotating capacitor

:operated intermlttently, and he mixed up the use of the amplitude control and
~the fine tuning control. He had much less difficulty in locating the other two

transponders.

The transponders‘buriod‘at a depth of five feet had a horizontalip
‘range of detectability of about four feeﬁ. The transponder buried at a depth
(ZD of four feet had 5 horizontal range'of detectability of five feet.v Measure-'
- ments were made to determine how close the transponder would have to be approached
when walking rapidly along a straight path in order to obtain a posi@ive.indi-
| cation of the presénoa of the transpondér; This information was'obtéioed,with
the detector tuned to the resonant frequency of the transponder in the ground
without any further adjustment as the detector was carried along. This dis-
tance was found to be about two to two-ahd—a-half-feet. This determines ‘that
when the detactor is tuned to the proper frequency before the search is started,
detection should be’accomplished.by walking parallel paths four to five feet

apart,

~The positions of the transponders, as located with the detector,
. were marked; and the ditch digger'dug holes at these poaitions. It was found
that the positions had been locafed to within one or two inches of the centers

<§>‘ ~of the transponders.

o - 50X1
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éi} The.groﬁnd consisted primarily of clay and was wet due to two pre-v.
ceeding dayé of rain. The resonant frequency was lowered by the following
amounts.dua-togybe ;ncrease in distributed capacity caused by the greater
dieléctric’coﬁé€an§ﬂb{i§ﬁe su:founding mediums For the 83 kes tfansponder,
- 0.28 kés; for the 98.5 kcs transpondsr, 0.30 kes; and féf the 106.3 kecs trans-

ponder, 0.48 kes.

'The sponsof's répresentativé.indicated tbat'operation could be im-
proved by packaging the dateeior éq that it'could be more easily carried with
thé detector coil parallel‘to the ground and by eliminatién of the rotating
capécitor. In a&dition, avreduction of thevweight of the detector éould be |

- desirable.

Cz: _ ’ ' | Néw Model of:thé Detéctor

} Work on the new model of the detector, reflecting the recommen@atiOns‘
offthe spsnsor's representative, was initiated duriné»this periéd. The détec-,
tor non-operating\éérfying condition is shoﬁn'in>Figure 2. The detector, when
in this position, has been made to resemble a brief case or small suitcﬁse.

The case for this model is madélof Plexiélass which is a convenient material
"to work with, is readily available, and makés viéible tﬁa intefnal location
and'construction of components.,_The cases of future,models willlbe made of
moldad»glass fiber reinforcéd.plastic colored to look like leather. The
-carrying_handle in the closéd position is placed above the center of grgvity
_ té make caf??fﬁggéasy. The_detectof unfolds into the eperating position by
holding the 1lid, to which is fastened the box com;ainiﬁg the electronic circuits
and.battefies, opening up the‘case which contains.the detector coil until it

' (Z) - is parallel with the ground and bringing up the carrying handle used in the

5 -~ conFmmwrzaL X
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| . Figure 2. View of Detector in Non-Oparating Condition.
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- operating condition. Figure 3 shows the detector as it would be carried in

the search process. In this position, the carrying handle is over the center :

of gravity of the detector, allowing the operator's arm to assume a natural

position with the detector coil at the proper position with respect to ground.

When not in use, the carrying handle used for the operating position folds in

betwaen the detector coil and the box containing the electronic circuits.

Spacs for earphones has been provided in between the detector coil and box

containing the detector circuits.

In this model of the detector the oscillator, receiver, and frequency

determining circuite have been made as separate units which'fitetOgether in a -

minimum space. -

v The side of the 'detector that is céfried next to thefoperator is
shown with the cover removed in Figure }. The four tubes and their shields,

located in about the center of the photograph,'are in the receivar'circuit.

‘The filament batteries, to the left and at the bottom, supply the filament

voltages for this circuit, They ars 1ocated 80 as to provide the shortest
possible leads to the filaments. This is necessary in order to reduce faedback

among the various filaments which are all operated at different potentials

- with respect to ground. The two B batteries, located at the tops supply the

(plate'voltage for the oscillator and receiver circuits and the bias required

for the input'stage‘"windcw" amplifier.v‘Thevosoillaﬁor circuit, with'ite own .
chassis, is located at the right side. Figurec 5 and 6 show two;views of the
oscillator chassis. The first ig a top view of the oscillator chassis which
shows its separate filament battery, tube and shield, and circuit: components

for cbtaining bias for the grid c1rcuit,and filtering of the plate circuit to

1 | | CONF IDENTIAL
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Figure 3. View of the Detector in the Operating Condition.
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‘ Figure L. View of Box Containing the Electronic
Circuits of the Detector.
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Figure 5. Top View of Oscillator Chassis.

ri.gi:ro "6. Bottom View of Oscillator Chassis.

‘@,.‘
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prevent interaction with the raceiver circuit through- the common plate voltage
supply. The bottom view shows the osciilator coil which is actually a pow-
dered iron core transformer. The outside winding whlch matches the output of
the oscillator co the impedance of the series resonant circuit is visible in

Figure 6.

The other,cida of the box containing the detector circuits, shown
in Figure 7, gives a view of the forty variable capacitors which are ussd co
adjust the freqcancies_of the oscillatcr_acd receivaer circuits to coincidc and
track over each of the ten bands. Four of these variéble cépacitors are dsed
for each band, two for the oscillator circuit and two for the-recciver-circuit.
The vacant space in the center is reserved for the band switch which will be a
four-deck, ten—position,rotary switch. This switch will connéct thé proper
variable capacitors to the two sections of the main tuning capacitor whlch can

be seen in the lower right corner of Figure L

Ellmination of the Rotating Capacitor

The erratic operation of the rotating capacitor during the field

tests has indicated that a more satisfactory means of accompllshlng frequency

vmodulation of the oscillator in the detector is needed. The original choice

of the clock-motor drive wasfbased on finding a source of pcwer that did not

_ require ba’c.téries° In view of the émall_amount of power that is required by

the detector, an electronic or electro-mschanical device which would not
require an increase in the size of the batteries that are already used would

be desirable if more dspendable operation resulted.

Frequency modulation of an oscillator can be obtained by usiﬁg a

reactance tube modulator. This can be accomplished withoutlthe use of an

' 50X1
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Figure 7. View of Box Containing Detector Circuits Showing
Adjustable Capacitors of Frequency Determining Circuit.
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additional tube by substituting a type 3A5 for the 3V that is presently being

used in the oscillator circuit.  The type 3A5 vacuum tube is a twin triode
designed for battery operation. One of the triodes can be used for the oscil-

lator, and the other triode can be used for the reactance tube modulator.

The circuit shown in Figure 8 was built to determine whether it

- would perform the same funétion as the rotating capacitor. The circuit func-
‘tions as follows: the triode to the left operates as a Hartley oscillator ,

~ with L (1) and C (1) being the frequency determining components. R (1) and

C (2) develop the bias for the oscillator. The bias for the reactance tube
which is the right-hand triode is obtained from the oscillator current, flowing

through R (5) and by grounding the control grid through R (2). The proper

phase between plate voltage and plate current, so that the tube will appear as

a capacitive reactance, is obtained by C (5), connected between plate and R
grid, and R (2) between grid and ground. R (2) also serves as a load across
which the modulating voltage to drive the reactance tube is developed. A

relaxation oscillator consxsting of R7, 08, and a neon bulb NEj, is used as a

source of the modulating signal. € (4) couples the variation of capac1ty

i

across the frequency determining circuits of the oscillator. Rw(é) was put in
to reduce the drive to the reactance modulator and prevent clipping daused by
the flow of grid current. R3 and 06 decouple the oscillator from the common

B+ supplyo

The tube appears as a capaciti#e reactance because the current is not

180 degrees out of phase with the ax; plate voltage. As ths plate current is

varled accordlng to the change in grid voltage, the plate resistance of the

tube also varies, causing a varying resistive component as well as a varylng

13 CONFIDENTTAL
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reactive component of impédancs to be reflected back to the oscillator. Tﬁe‘

" result is amplitude modulation as well as frequsncy modulation. The percentage

of ampl'itude‘modula.tion ap'pears to depend on the amount of frequency modulation,
which is determined by the coupling capacitor C (L) and the C (5) of the phase
determining circuit. By reducing the value of either of these capaéitors , the

perce’ntége ainplitude modulation is -rerduced with a corresﬁonding reduction in

frequaxicy shift. The b.t‘requency shifts izere measured by applying different

values of dec. bias to the modulator grid and measuring thé ‘corresponding

frequencieso The maximum frequency shifts obtained wera 2 kcs with a corres-

ponding variation in amplitude of one part in thirty. Experiments will be per-

formed to determine whethar this variation in amplitude can be tv.olerated,in

the detsctor.

Another system which is being considered as a meax_"ls of eliminating -
the rotating capacitor consists of a vibrating resonant réed driven by an-

electro-magnét. The capacity variations would be obtained by placing the ’

' vibrating reed betwsen two fixed plétes and'usin:g’k the reed as one cohductor

and the two plates, electrlcally connect.ed together, as the other plate of ‘the

capacitoro Calculations show that plates l" x 1/2n and a reed vibrating with

a maximum diSplacement of 0,005 inches can readily give 10 )x)t.f capacity changes.

Work on this system will be continued.

Other Systems

Some experiments were pefformed to test the practicability of a

simple form of detection system shown in Figure 9

15 CONFIDENTIAL
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Figure 9. Simple--Détection Systém

The oscillator generates a radio frequency signal which is amplitude

modulated at an audio frequency. A fotat.ing capacitor is used to sweep the
frequency of the oscillator by plus and minus 3 kcé .and'paséing through thev
natural frequency of the transponder. The raté of the rotating capacito‘rvis
such as. to cause modulation at a very low fre.quency.v The. oscillator drives a
one-turn insulated wire loop laid on ﬁhe ground, enclosing the area 1n which

the transponder is believed to be located, i\

The detector consists of a three foot length of wire feeding an

untuned RF amplifier followed by an AM detector and phones.

The detector, which cannot detect the FM portion of the signal, will
glve a steedy signal when in the vicinity of thew'loop but not in the vicinity

of the transponder. The transponder, which is.a very high Q resonant circuit,

vdem»odulates the FM portion of the signal from the oscillator. If the detector

is brought in the vicinity of the trénsp_onder, a pulsating audio signal:will

16 : CONFIDENTIAL
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be heard due to the reradiated energy as the oscillator sweeps through the

' resonant frequency of the transponder.

In the first test a single loop of wire was strung around the room at
a height of about six feet above the floor. With this arrangement, the range

'p£=detectébilityiﬁas only 18 to 24 inches.

In a second test untuned loops,'about 18 inches.in diameter,vwere
usad és 'antsﬁnas“ with the oscillator and detéctor, respectively. With this
, arfangem,ant somewhat _‘greater range, four feet, was obtained; but direct coup-
.lin_g between'tha’-'oscillator and réceivér coils introduced difficultie‘s-_whiéh

“could not be cbutrolled. The above system was abandoned.

_. @ - : Anot.her experimént was made uSing the same arrangement as in Figure
9 éxcep‘o that audio frequency amplitude modﬁlatioq was not uéed.' The FM
modulation should have been heard in the phoﬁes when fhe detector was in the
vicinity of the _tranépohder. However, the osciliaf.or paralyzed the.iz raeceiver
, vand th_ué swamped the weaker signal coming' from’the t;‘ansﬁonder.’ No furbher

. ‘work was done on this system.

Temperature Cycling of Transponders
A temperature cycling test was performed ovn’two incased transponders.
The teét consisted of cycling the tranéponders from -78°C in dry ice to +80°C
| in an oven. The detectabili-ﬁy and frequency of the transponders were measured
‘at. the hlgh and low tempseratures for each cy¢le. No change in the range of |
detectability was observed during the temperaturs cycling procesé, The reson-
ant frequencies of the transponders, which wers 'v'm.easured before 'ah.d' after sach

@ : of the two temperatures, are given in Table 1. ’I‘he»tlransponders were at each

. 50X1
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tempgrature for one hour before cycled. Frequency shifts occurred only for
‘the aecona and third ¢ycls, this being attributed to inacguraéies in the
measurihg systsm. One‘transponder remained in the dry ice for fifieen hours
with no resulting change in frequency or changs ip range of detectability.
Table 1
L _ Frequency in kes. .b Frequency in kes.
~ Cycle Transponder at -78°C at +80°C
1 L2 988 © 98.48
3 82.48 o . 82.L8
2 2 98s - 98.3
3 82.69. ' 82.58
3 2 98.36 98.36
3 82.65 82,58
. b 2 98.148 98,48
N 3 82.42 _ , 82.42
5 2 9848 988
3 B82.48 82.48
j Table 1. Transponder'Temperature Cycling
Effects of the Surrounding Medium on the Transponder
The chaﬁge in the ability to detect the transponder.when buried, as .
compared to the ability to detect the transpoﬁder in air, depends on the elec-
'tricai properties of the mediu% in whiéh it;ié buried. The elecﬁripal proper;
ties of the medium change the electricalipropérties of the transpondér,.ami
they also affect the attenuation of the signal through'the medium. Experiments
~and calculations indicate that the reduction in signal due té fhese propagation,
losses can be neglected. Howeyer, the éhanges in the slectrical propertiés
of the transponder cannot be neglected since they cause a change in the reson-
| é:} , ant frequency of the transponder. They may also cause a chahée in the Q of the

50X1
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transponder; but, with the exception of_e;lt”Water, this has not been observad
; | | in any.0f~the media that we have tested. The changes in frequency are caused

by the‘change in distributed capacity due to the dielectric constant of the

surrodnding medium in which the transponder-is buried, being different ‘than

that in air, and by the change in 1nductance caused by the magnetic suscep-

tibllity of the surrounding medium, being dlfferent than that of air.

Some experimente have already beentperformed to determine the magni—
" tude of the frequency shifts that can be expected. These experiments and their

results are discussed below.

In order to determine.ehe effect-thedmedinm edrrounding‘the trans-
ponder has on the resonant frequency of the transponder, measurements of the N
(:3. ~ resonant frequencies of four transponders in air and sand were made. The’
transponders were identical except for the value of fixed capacity that was
:'rconnected acrOSS the coil'inside the treneponder shell. The‘resonant frequencies
of the transponders, as measured in alr, varied from 82 to 1h3 kcs with corres-

»lponding fixed capacitors ranging in values from 2200 to 680. ﬁyf

The experiment consisted of meesdring the,frequency of a trensponder
- . in air and then in a large box of sand using the detector as the frequency
measuring'deviCe. At the same time, any change in detectability could also
‘be observedo‘bThe frequencies of the transponders in air and in sand are given
" below: ” | | |

Frequency (in air) Frequency (in sand)  Frequency Shift

110.5 . 110.1 0ol
98.5 98.11 0.39

-.50X1
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@ The transponder which measured 143 kcs in air could not be detected in sand
with the detector. This was originaliy attributed to the lowering of the Q
of the transponder by the lossy capacity added by the sand. This effect waé
not observed with the othsr transponders which we believed was due fo the.
larger amounts of fixed capacity that are used on the lower frequencies where
pércentage of lossy capacity ié oonsiderably smaller. Calculations of the
amount of capacity that is added by the san&, because of the higher dielectric
constant of sand, indicate that the Q could not have been altered suff iciently
at 1h3 kcs without also being altered at the lower frequencies. Tha frequency
shift at 143 kcs 'was great enough to bring the frequency out of the band, and :

a reading could not be takan.

, The frequency shifts increase with frequency, and in order to l-imit_ .
the size of the ‘bands on the higher. fredueﬁcies an upper limit of about 105 kcs
has ‘been Chosen; Thé lower limit E)f 80 kcs has been chosen to limit the .amount
of capacity needed to resonate the detector coil to the transponder frequency
since the inductance of the detector coil is determined by its geometry and is

not variable.

Measurements on Sa_nd Itself |

In an effort to correlate bthe resuits of these measurements in sﬁnd
"to results that might be expected in various types of soil, a _soil capacitori
was constructed to measure .the’disle}ctric constant of sand. With this value
ard other .dielect_,ric constants for various ‘ot‘her soils found in the published
literature” it is possible to determine the approximate- shifts‘that are to be

expected. -

o

C. A, Heiland, Geophysical. Exploration, Prentice-Hall Inc., New ’Iork,
pp. 666-667.

o o 50X1
20  CONFIDENT TAL -

Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030010-6



Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 : CIA-RDP78-03153A001300030010-6

o

‘of 20 megohms using sand baked in an oven,

CONFIDENTIAL

The soil cendenser consisted ef two eoncentric cans approximately
four inches in length and having'diameters.of four and two-and-one-half inches,
raspeétively. The dielectric constant of the sand was determined by the ratio
of the capacity measured with and. wlthout sand. For the sand ueed in detef-

mlnlng the frequency shifts given above the dielectric constant measured to

be 4.9 and L.5 for,pﬁpﬁruns,

The moisture content of the sand used in these tests was not readily
obtainable. However, the resistance readings between the terminals of the.

condenser for two runs measured lB0,000‘ohms and 242,000 bhms, regpsctively.

Another test con51sted of measuring the capacity of the soil condsn~ -

ser and varying the moisture content. Here again the amount of moisture present

" 'was necessarily small since‘the capacity could not be determined when the

moisture éontent lowered the Q appreciably, and accurate measurements using

the Q. meter could not be madeo Because'of the small amounts of moisture

'present, the capacity ‘was measured as a function of resistance between termin-

als. A plot is shown in Figure 10. TheApoint on the curve represented by

98 ppfd and 800 000 ohms was obtained using dry sand. The point corresponding

' to 135 upfd and 30, OOO ohms was obtalned with sand having enough moisture

content to pack. A point not shown On the curve gave hS ppfd with a r931stance_

[

It appears from Figure lO than if the moisture content’ of the sand
were increased sufficiently;the dielectric constant would approach that of

water.

21 ' CONFIDENTTAL
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In a further attempt to determine transponder frequency shifts
occurfing in various materials, addltlonal measurements were made in pave;
gand, fine grevel, ‘coarse gravel,vapd magnetite. The results of these tests
for the first four materials are listed in Table 2. The»shifts in the mag-"
| eetite exceeded the limit of the bands to which the detsctor was tuned, and
1t was not possible to determine the frequency shifts for this materialo
This material is being made available at the laboratory and further tests to
it o getermine the frequency shifts caused by magnetite will bevmadee_ It is .. .
o ‘presently believed that the shifts were in excess of L4 kes for the transpoh&efs

\

tuned to 98 and 82 kcs.

Table 2. Transponder Frequency Shifts
in Various Materials

o 5 ‘ Frequency in Frequency in  Frequency Shift
' Trangponder - Material Alr in kes, Sand in kcs. in Cycles

2 Pave 98.420  97.810 610
3 Pave 82.460 §2.100 360
2 Sand 98.450 98.170 . 280
3 Sand 82.510 82.340 170
2 Fine Gravel 98,450 | 98.110 340
3 Fine Gravel 82,540 - 82,300 , 240

2 Coarse Gravel  98.450 98.300 | 150
3

Coarse Gravel 82.5L40 82.400 140

The above result-s are the average of threse sets of readings taken
by three observers. Since most of the individuai readings differed by only

two or three points, and becauss the calibration of the dial from wthh these

readings were taken had limited accuracy, the, measured shifts are beliesved to

rbe accurate to only #*50 cycles.

)
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Some Basic Theory of Coupled Circuits

An examination of the equations which describe the mutusl inductance
between two parallel coils has resulted in the determination of an“optimum
éize for the detector coil for a given.transponder diameter’ and depth 6f

burial, This study has also made available the relation between range of

-detectability and stability in terms of the fractional change in amplitude ﬂl

that must bs measured in order to detect the transponder for any distanceo

The change in Q caused by a tuned circult was meaéured ﬁitﬁgfhed5~;u
Boonton Q meter forla'number of distanées,between the coil connected té the
Q meter and ﬁhé tuned circuit. These méaéuremants were madé with the Q meter
and the tﬁned circuit tuned to the same frequency. The results of thesé
measurements are shown in Figure 11. In order to determine'howithe chahge in
Q behﬁves as a function of distance, thase.daﬁa were plbtted on loglog paper.
If it is aééumed that the change in Q is proportional to.1/c raised io some
power,-ﬁheré c ié the distance Between the coils, then the'slbés of tﬁé cur&e

obtained by plotting tha data on loglog graph papergis the value of this power.

'Figure 12 shows the data replotted on loglog graph paper where it cen be ssen
‘ that the slope is not a constant for small values -of Co Fbr values of ¢
1‘rlarger than h 5 feet the slope remains constant and corresponds to the sixth
‘power. This is the value which is expected from previous consideration of how
- the mutual inductance varies ‘with disténcey The_curVe has b9an extrapolated

80 that values for the change in Q at large values of ¢ could be obtained.

2l : ~ CONFIDENTIAL
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The eéuat.ion describing the mutual inductance without any approxi-

mat ions is:

Lop - 3 Mo ab/avcos g’(02‘+ al + b2 - 2ab cos G')"% e *
o v
where Lo is rtheimutual inductance Set,ween two coils whose radii are a
and b |
 }1° is the permeébilitj of the surrounding medi um
¢  1is the distance between centers of the two coils

and 9 1is the best defined by ‘Figure 13.

' Figure 13. Oeometry of Coils Used in
Cslculation of "Mutual Inductance.-

Lgp is an elliptic integral and can be &ritten as:
) by 2 ' )
Lap = Mo (207 [ﬁz - k) K- EE]
where = K2 = Lab [('a +p)2 + czjl -1 gnd K and E are the elliptic inmtegrals

K J /2 dg and B tf /2 (- K2 sinzf':ﬁ) _d¢

g L
o (1 - k_2 sin® §)2

*3. P. Harnwell, Principles of Electricity and Electrémagnetism,' McGréw-Hill
Book Company, Inc., 1538, p. 30L. ' I :
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®

which have been evaluated for different values of k in thé literature.® For

and

¢ aandbd
" o BoT 1.3
: 1™ H (@)
[} 2 Ii‘;b.

ol
. . b
Then Ly ~ ’.1_"{_ (ab)? (""1 /2
S ab)2
or Lab/’t }_1_02_7_1'_ ab

3

The change in Q due to the tuned circuit is proportional to the mutual'indué-

tance squared, (Lai,)z, and for the conditions c¢>> a and b varies as (l/c)6.,

The value of ‘I'.ab/\v/'a)_ is completely defined by the value of Ke

lines are plotted.

Kesping this in mind, consider a graph where X = § and Y =

p and vconstant k

To ses what this gives, ws write:

 ,1 (a*’b)z*»'c2 a b 1 ¢
B Lab B TR T

or h(%—%)“%*%*gél
in tex;ms' of.vX and Y
o : _
| | | - h(%2;- %)»: - % . %E f

which can be ;‘ewﬁtten‘ as »

[xz R -7 2 v 4% Ge - D)

@ ‘X axis located at 2(];’2 %—).

B o . 2 1 '
which is the equ/ation of a circle of radius § (;2 - l)% whose center is on the

*Charles D. Hodgman, M.S., Handbook of Chemistry and Physics s Chemica.l Rubber

Publishing Company, 34th Editienm, 1952-1953, pp. 23u4-236.
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These circles connect points of equal value, E/\/;T,
, 1 _2 i L
Now /a5 o
» | L~ L | o ,
8o that if we multiply \7;——5 by ﬁf., £ can be evaluated along each of the circles.

- The curves for constant L/ \/‘a) and § are shown in Figure 1L,

Now consider a line bf consfc.ai’nt value of Y, tangent'to one of the
i - constant § curves. This point of tangency gives the valus of X for the given
value of Y for which L/b is a maximum. In terms of a, b, ¢ this ‘point s;&%pi-

: [
’ : fies the values for ‘and g for which tI; is a maximum.

Thus, for a transponder-'-of radi‘ué b burieé{ at a depth ¢ below the.
@‘ : surface of the ground, a det.ector coil of radius a wlll give the 1argest indi- "

cation of the presence of the transponder.

A curve connecting these points of tangency gives the opt).mum radius
“of the detector coil for any given size transponder buried at any depth. If
this curve is labeled a.s 100% to indicats the percentage of signal from the
’tfansponde_r, then éurves ir;di-cating lassef percentages of maximum signal can

be obtained. The curves for 80% and 50% are indicated in Figure lh.A They

show that the increase in signal is not proportional to the increase in area

. of the detector coil.

Unfortunatei“&, »’chve‘ rég_ion in which we ai'e normally interested is
where X is in t,he neighborhood of one or two, and Y has values of two to five.
" In this region the curves for constant k and constant L/b converge and addi-

: ,5, tvional work wquld be‘ required to expand this region. In thie region the

| 29 CONFIDENTTIAL 0%
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o percentage of optimum coupling is estimated to be only about five per cent.
o _ ‘ Improvement in the coupling of the detector can- only be accomplished by

g 1ncreasing the size of the detector coil or size of t.he transponder.

Progam for the Néxt' In’c.érVal :

1. The work on daveloping a 01rcuit. to replace the rotating capaci-

- . tor will be completed and installed in the final model of tbe detector.

2.- It is expected the band switch will be receiVed during this

interval and will be tested and installedo

3. The final model of the detector will be complsted and additional

testing will be carried out.

’ : L Experiments will be carried out to determine'wh‘ether _thé sizé,s
of the batteries that ars presently bemg used are suffioien’o to run the |

detector cont.muously for four hours at zero degrees Fahrenheit.

5 » Tests will be made to determine the range of detactaoilit.y of

the detector with the transponder immersed in sea waters

6. The preparation of the final report will begin.

©
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